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ABSTRACT 



Context. It has been suggested that the ratio of total-to-selective extinction Rv in dust in the interstellar medium differs in the Galactic 
bulge from its value in the local neighborhood. 
Aims. We attempt to test this suggestion. 

Methods. The mid-infrared hydrogen lines in 16 Galactic bulge PNe measured by the Spitzer Space Telescope are used to determine 
the extinction corrected HyS flux. This is compared to the observed H/? flux to obtain the total extinction at H/3. The selective extinction 
is obtained from the observed Balmer decrement in these nebulae. The value of Ry can then be found. 

Results. The ratio of total-to-selective extinction in the Galactic bulge is consistent with the value Rv/=3.1, which is the same as has 
been found in the local neighborhood. 

Conclusions. The suggestion that Ky is different in the Galactic bulge is incorrect. The reasons for this are discussed. 

Key words. ISM: abundances - planetary nebulae: individual: He2-367 & He2-250 & H2-11 & He2-262 & Hl-15 & Ml-38 & 
Ml-37 & H2-20 & M2-31 & He2-260 & M2-5 & M2-10 & Ml-27 & Hl-43 & Hl-20 & M3-44 - Infrared: ISM: hnes and bands 



1. Introduction 

Interstellar extinction is a well studied but not completely under- 
stood phenomen. Beside studying the properties of the particles 
which cause the extinction, it is necessary to know the correc- 
tion for extinction as a function of wavelength since individ- 
ual measurements must be corrected for the effects of extinc- 
tion. This has led to several Galactic extinction curves; the most 
commonly used are those of Savage & Mathis Savaae & Mathia 
(1979), Seaton lSeatonI (Il9'79h and Cardelli et al. Cardelli etai] 
(1988.) . These curves extend over the complete wavelength range 
through the ultraviolet to about lOOOA. All three curves cited 
are quite similar and are generally used as an average Galactic 
extinction curve to correct observed spectra for the effects of 
extinction. While uncertainties exist in these curves in the ultra- 
violet part of the spectrum, the uncertainties in the visible and 
infrared re gions are sm all, almost certainly less than 5% (eg 
Fitzpatrick Fitzpa trickl (Il999h . An additional extinction curve 
has been proposed for the near and mid-infrared spectral region 
by Chiar & Tielens ?. 

In the specific case of correcting the spectra of plane- 
tary nebulae for the effects of extinction two methods are 
used, both of which are based on the average Galactic extinc- 
tion curve. The first makes use of a comparison of the ob- 
served Balmer decrement with that expected from optically 
thin nebulae using the theoretical values given by Hummer & 
Storey Hummer & Storey ( 1987). Ususally fitting the Ha/HyS ra- 
tio is given the most weight. The best fit between the observed 
and theoretical Balmer decrement is usually given by the param- 
eter Cbd which is the log of the value by which the observed H/3 
must be increased to correct it for interstellar extinction. Cbd is a 
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weak function of T,., the electron temperature, and Ry, the ratio 
of total- to-selective extinction at visual wavelengths. A value of 
Rv=3.1 is usually used. In principle Cbd is also a function of the 
electron density, but it is such a weak function for the densities 
found in planetary nebulae that we will ignore it here. 

The second method for correcting for the effects of extinction 
is to use the observed radio continuum emission. The radio emis- 
sion is dependent on the product of the density of ionized hydro- 
gen and the electron density in the same way as the li/3 emission 
is, so that the ratio is essentially density independent. The value 
of unreddened H/3 thus obtained may be used to compute Crad, 
similar to the value of C computed above but now derived from 
the radio continuum flux density. Note that Crad is a weak func- 
tion of T(.. It also depends on the abundance of (doubly) ionized 
helium which contributes to the electron density. But Crad is in- 
dependent of Ry. Note that it is also assumed that the nebula is 
optically thin to the radio emission so that all emission produced 
is measured. Because the geometry of the nebula is not known, 
the optical depth cannot be accurately computed. Because it is 
inversely proportional to the square of the frequency, the radio 
measurements should be made at the highest possible frequency. 

Since Cbd and Crad are by definition equal and only Cbd de- 
pends on Rv, information concerning this quantity can now be 
found if the Balmer decrement, the radio continuum flux density, 
the electron temperature and the amount of helium and its ion- 
ization are known. This method has already been ap plied to PNe 
in the Galactic bulge 20 years ago by Tylenda et al. lTvlenda et alJ 
(1992) and Stasinska et al. Stasinska et al. ( 199|). In the first of 
these articles the authors found that there was fair agreement be- 
tween Cbd and Crad for small values of extinction, but for large 
extinctions Crad is smaller than Cbd. In the first paper they ex- 
plain the difference as due to underestimates of the radio emis- 
sion. In the second article they express more confidence in the 
radio measurements and now explain the difference as being due 
to a lower value of R^ for the more distant nebulae. While these 
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authors do not specifically refer to the Galactic bulge, about 30% 
to 40% of the PNe they use are Galactic bulge objects. Other 
au thors (eg Hultzsch et al. Hultzsch et al. (2007) and Ruffle et 
al. lRuffle etal.] d2004 l use this as evidence for a possibly lower 
value for Ry in the Galactic bulge. 

The calculation of C^/ and Crad is uncertain as these authors 
admit. First of all the electron temperature of the individual neb- 
ulae is unknown, so that a value of 10000 K was always used. 
Secondly the helium abundance is unknown so that a 10% he- 
lium abundance is assumed, all in singly ionized form. Thirdly, 
the measurements of the Balmer decrement are sometimes of un- 
certain quality; in the few cases where multiple observations of 
a single object have been made conflicting results are sometimes 
obtained. Finally no correction has been attempted for possible 
optical depth effects in the 6 cm radio continuum except that ob- 
jects with possibly high brightness temperature were removed 
from the sample. This method is not very reliable, as the above 
authors remark, because the surface brightness of PNe 'is usually 
far from uniform and the estimate of the brightness temperature 
is very sensitive to the adopted nebular diameter' . The sample 
used by Stasinska et al. Stasinska et al. ( 1992) contained some- 
what less than 199 Galactic bulg e PNe, while the sample used 
by Ruffle et al. lRuffle et"an (12004) contained 12 Galactic bulge 
PNe. This latter samp le, which reached the same conclusion as 
that of Stasinska et al. - Stasinska et al ] (ll992h . contains the same 
uncertain approximations. 

There is a better method for comparing the Balmer decre- 
ment extinction with that determined from the total H/3 extinc- 
tion. In this method the hydrogen lines in the mid-infrared are 
measured; in this part of the spectrum the interstellar extinc- 
tion is very small. The intrinsic H/3 intensity is then derived 
from the mid-infrare d line intensiy by the the oretical relations 
of Hummer & Storev lHununer & Storevl(ll987l) . To measure the 
mid-infrared lines we use the spectrograph on board the Spitzer 
Space Telescope which measures several hydrogen lines, the 
strongest being the H(6-5) transition at 7.46 fj.m (Paschen a) and, 
with a higher spectral resolution, the H(7-6) transition at 12.37 
fj.m. The log of this predicted value of H/3 intensity divided by 
the observed Hy6 intensity is called C,> and may be directly com- 
pared with Cbd to determine Ry. In this way the radio continuum 
measurements are replaced by the infrared hydrogen line mea- 
surements; the radio measurements are no longer necessary to 
determine Ry. 

In section 2 the infrared observations are presented and dis- 
cussed, resulting in the determination of €,>. In section 3 the 
Balmer decrement is discussed resulting in a value of Cbd- A 
comparison of these two values is made in section 4, which leads 
to a conclusion about Ry. At the same time Cmd is computed and 
discussed. 

2. The infrared spectrum 

2.1. Observations 

We have selected 16 planetary nebulae for measurement, which 
are almost certainly in the Galactic bulge. They are all within 
10° of the galactic center, they have low intrinsic radio con- 
tinuum flux density and all but one have very high velocity 
with respect to the sun. The observatio ns were made using the 
Infrai-ed Spectrograph (IRS, Houck et al. lHouck et al.l(l2004l) ) on 
board the Spitzer Space Telescope with AOR keys both on tar- 
get and on the back ground. The reduct i on of the spectra reported 
by Gutenkunst et al. lGutenkunst et all (l2007b (see listing below) 
started from the droop images and is idscussed in detail in that 



paper. The results given by Gutenkunst et al. lGutenkunst et aTl 
(2007) are shown in Table 1 . For the remaining extractions droop 
images are replaced by optimal extractions. The details of this 
reduction procedure are given in Pottasch & Bemard-Salas (in 
prep.). 

Two of the three diaphragms used have high resolution: the 
short high module (SH) measures from 9.9//m to 19.6/vm and the 
long high module (LH) from 18.7/vm to 37.2fj.m. The SH has a 
diaphragm size of 4.7"x 11.3", while the LH is ll.l"x 22.3". 
The diameters of the PNe being measured are shown in Table 1 . 
These are taken from a variety of sources, the most reliable are 
those of Sahai et al.?. For the other PNe the VLA r adio contin- 
uum h alf width measurements listed by Acker et al J Acker et al.l 
(119921) are given. The diameters are always considerably smaller 
than the LH diaphragm but may not always be smaller than the 
SH diaphragm. To correct for possible missing intensity in the 
SH diaphragm we examine the continuum intensity of LH and 
SH in the region of wavelength overlap at I9fj.m. These continua 
should be equal if the entire nebula is being measured in the SH 
diaphragm. If this is not so all intensities in the SH diaphragm 
are increased by a factor which make the continua equal. The 
corrections are small for these nebulae, ususally between 1 . 1 and 
1.3. 

The third diaphragm is a long slit which is 4" wide and ex- 
tends over the entire nebula. This SL module measures in low 
resolution between 5.5//m and 14/im. These spectra are normal- 
ized by making the strong lines in common between the SL 
and SH modules agree. Especially important is the agreement 
of the [Siv] line at lO.Sljum and the [Neii] line at 12.82jt/m. 
Because all of the PNe measured are small, the corrections are 
likewise small. The resultant spectra may now be plotted. We 
have not done this here because good plots are already in the 
Uterature. Plots of He2-250, H2-11, He2-262, Hl-15, H2-20, 
M2- 31, M2-5, M2-10 and H I -20 may be found in Gutenkunst 
et al. Gutenku nst etal J (12007); plots of He2-260, Ml-27, Hl-43 
and M3-44 can be found in Perea-Calderon et al.?; plots of Ml- 
38 and Ml-37 are found in Stanghellini et al. ?. The excellent 
quality of the emission lines is apparent on the spectra. 

The intensities of the 12.37yum line (SH diaphragm) and the 
7.46/im line (SL diaphragm) are then be measured using the 
gaussian line-fitting routine. The resultant values are shown in 
cols. 3 and 4 of Table 1. The 3cr errors of measurement are al- 
ways less than 20%. The 12.37//m line has the more accurate 
intensity of the two lines in spite of the fact that it is intrinsi- 
cally the weaker line. There are several reasons for this. First of 
all the 12.37jum line is measured with a much higher resolution 
(about 600) compared to the 7.46/im line (about 90). Secondly 
the measurement of the 7.46/vm line is difficult because it falls 
in the middle of overlapping orders. Thirdly the 12.37yum line is 
often measured both at high resolution (SH) and at low resoluton 
(SL) and very similar intensities are found. For these reasons we 
give the value of the intrinsic Hy6 found from the 12.37//m line 
considerably more weight. 

The HjS flux is found from the infrared h ydrogen lines using 
the th eoretical ratios of Hummer & Storev Hummer & StorevI 
(Il987l) . It must be remembered that the 12.37yum line is a blend 
of the H(7-6) transition with the H(l 1-8) line, while the 7.46pm 
line is a blend of H(6-5) with H(8-6) and H(17-8). These blend 
are subtracted when deriving Hy6. Futhermore the ratios of the 
various hydrogen lines are weakly dependent on the electron 
temperature. The values of T^. used are given in col. 5 of Table 
1 and are taken from Pottasch & Bernard-Salas (in prep.). The 
values of Hj6 thus found are given in cols. 6 & 7 of the table, de- 
rived respectively from the 7.46yum line and from the 12.37yum 
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line. A small correction has been made for extinction at these 
wavelengths using the coefficients listed in Chiar & Tielens ?. 
Because the extinction coefficients are small at these wave- 
lengths, the corrections are insensitive to the precise value. For 
example, an extinction Zsh-v =2 at 12.37/vm yields a correction 
of 10%. Thus any uncertainty in the mid infrared extinction is 
unimportant. Comparing the cols. 6 & 7, it can be seen that very 
similar values of H/3 are usually found from each of the lines. 
The combined value, given in col. 8, is heavily weighted in fa- 
vor of the value of H/3 found from the better measured 12.37//m 
line. The observed valu e of HP is listed in col. 9 and is usually 
taken from Acker et a l iAcker et al.l ([T99l . The difference be- 
tween cols. 9 & 8 is the value C,> given in the last column. 

The 16 PNe listed in Table 1 were selected as galactic bulge 
objects using three criteria. First and perhaps most important, is 
the high radial velocity of these PNe. Only png356.5-2.3 has a 
low velocity. This value is shown in the second column of the 
table. Secondly the diameter of the nebulae (listed in Table 2) is 
always less than 7". Thirdly, to insure that no nearby PNe are 
included, the 6cm radio continuum flux density (listed in Table 
3) is always less than 70 mJy. In addition it was important that 
additional information concerning the visible spectrum and con- 
tinuum radio flux density be available. It may be noticed that the 
intrinsic Hj3 flux of these nebulae (column 8 of Table 1) is always 
very similar; in all cases it is within a factor of 2 of a value -log 
Hy6=ll. The mass of each PN, computed for the case of a uni- 
form constant density nebula, is also shown in Table 2. They 
are consistent with the nebulae being located in the Galactic 
b ulge. Nine of these nebulae have been studied by Gutenkunst et 
al.'Guten kunst et all (|2007|) . We did not use the two further PNe 
studied by this group because no visual spectra are available. 
Four PNe are from a program to observe low excitation nebulae. 
The remaining three PNe (png2.4-3.7, 2. 6-3.4 and 8.2-H6 . 8) wer e 
inspired by the work of Hultzsch et al. lHultzsch et al.l (l2007h . 
The other two bulge PNe studied by these latter authors were 
not measured by the Spitzer Space Telescope. 

2.2. The Balmer decrement and extinction 

Selective extinction can be derived from the Balmer decrement 
assuming that the hydrogen lines are formed in an optically 
thin medium and their int rinsic ratios are gi v en by the theory 
of Hummer & Storey IHummer & StorevI (11987 ). Because 
measurements of the weaker Balmer lines are more uncertain 
for the bulge PNe more weight is usually given to the Ha/H/3 
ratio; sometimes only this ratio is used. The value of total 
extinction at H/?, Ctd, derived from this ratio may be written as; 

CM=Xlog [I(Ha)/2.85I(H^)] (1) 

where 2.85 is the intrinsic value of the ratio Ha/H/3 and is 
slightly dependent on the electron temperature. l(Ha)fl(H/3) is 
the measured value of this ratio, while 

X=A486i/(A4861-A6563) 

and A is the extinction in magnitudes at the wavelength 
given. These values depend on Ry, the ratio of total to selective 
extinction. We use the value Rv=3. 1 in the remainder of this sec- 
tion. Even having fixed the value of Ry there is st ill a small un- 
certain ty in the value of X to be used. CardeU i et al lCardelli et alJ 
(119881) find X=3.36, Seaton ISeatonI d 19791) derives a value of 
X=3.23 from measurements of hydrogen and helium lines in 
NGC7027 (he gives 3.17 as the ex pected standard value) and 
Savage & Mathis lSavage & Mafliisl llT97l find X=3.17. We as- 
sume that these values are all within the uncertainty of the deter- 
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Fig. 1. Total extinction coeficient at H/3 derived from the far in- 
frared hydrogen lines, C,>, is plotted as a function of the selective 
extinction coefficient at HyS derived from the Balmer decrement, 
Chd. The dashed line shows when these two quantities are equal. 
The error bars are discussed in the text. 



mination and use in the following the slightly uncertain average 
value X=3.17. 

In Table 2 the values of Cm found in the literature are given. 
Columns 4 and 5 are th e values found us ing the Ha/H/^ ra- 
tio listed by Ack e r et a l. lAcker et al.l (Il992h and Escudero et 
al. Escu dero et al.l (l2004l) in conjunction with eq.(l). Columns 
(6) through (10) give the value of Ctd that the authors listed have 
derived from their spectra. Most authors do not give their mea- 
sured spectral intensities but only the intensities after correction 
for extinction. Thus the precise extinction correction each indi- 
vidual author used cannot be found. This adds to the uncertainty. 
Comparing the different values of C^ for a single object, we can 
obtain a feeling as to the accuracy of the individual values, which 
sometimes agree well with one another and sometimes show im- 
portant differences. In the last column the average value of the 
measures for each PN are given. 

2.3. Comparison of Cbd and Cir 

Figure 1 is a plot of Cbd, taken from Table 2, against C,>, taken 
from Table 1. Approximate error bars are shown although the er- 
rors are rather difficult to specify accurately. The error in Chd is 
determined by the consistency of the various values in individ- 
ual objects where several measurements have been made. When 
only one or two measurements are available it is assumed that 
the uncertainty is similar to that of the better observed object. 
The uncertainty in C,>, which has been discussed above, is con- 
siderably smaller because the 12.37/zm line can be well mea- 
sured. In addition, the uncertainty introduced by a diaphragm 
correction is probably not large (<10%). On the whole one may 
say that there is good agreement between Chd, found using a 
value of 7?v=3.1, and C„ which does not depend on Ry. Thus this 
value of Rv is consistent for these galactic bulge nebulae. This 
consistency removes the basis for the suggestion of Stasinska 
et al. Stasinska et al. (1992) that the value of the ratio of the 
total-to-selective extinction Ry differs in the material closer to 
the galactic center from the material farther out. 
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Table 1. Hfi values predicted by infrared hydrogen line and consequent values of C,-, 



Nebula 


Vel. 


1(7.46) 


1(12.37) 




-log UJ3 


-logH/? 


predicted 


measured 




PNG 


km/sec 


10-'* 


10-'" 


K 


H(6-5) 


H(7-6) 


-logl^ 


-logH/3 


c„. 


000.0-6.8 


-84 


18.8 


11.9 


6.000 


11.29: 


11.01 


11.05 


11.99 


0.94 


000.7+3.2 


-175 


13.5 


5.35 


8.500 


11.34 


11.25 


11.27 


13.42 


2.15 


000.7+4.7 


+40 


36.2 


14.2 


8.000 


10.89 


10.80 


10.82 


13.94 


3.12 


001.2+2.1 


-172 


22.2 


10.5 


9.300 


11.08 


10.88 


10.93 


13.73 


2.80 


001.4+5.3 


+42 


19.4 


6.70 


8.300 


11.19 


11.18 


11.18 


12.71 


1.53 


002.4-3.7 


-83 


45: 


15.5 


7.000 


10.87 


10.85 


10.86 


11.98 


1.12 


002.6-3.4 


+202 




17.0 


6.000 




10.85 


10.85 


12.07 


1.22 


002.8+1.7 


+ 164 


31.2 


11.2 


7.000 


11.01 


10.94 


10.96 


13.48 


2.52 


006.0-3.6 


+ 136 


61.7 


17.1 


9.600 


10.67 


10.75 


10.73 


12.19 


1.46 


008.2+6.8 


+21.7 


23.1 


8.45 


11.000 


11.10 


11.05 


11.07 


12.13 


1.06 


351.2+5.2 


-128 


28.0 


8.10 


6.000 


11.11 


11.17 


11.15 


12.12 


0.97 


354.2+4.3 


-75 


19.7 


7.58 


6.750 


11.23 


11.16 


11.18 


12.62 


1.44 


356.5-2.3 


-16.5 


128.6 


48.5 


6.000 


10.43 


10.37 


10.39 


12.23 


1.84 


357.1-4.7 


+76 


13.9: 


9.5 


6.200 


11.40: 


11.09 


11.13 


12.52 


1.39 


358.9+3.2 


+ 190 


38.8 


11.9 


8.500 


10.88 


10.90 


10.90 


13.03 


2.13 


359.3-1.8 


-89 


37.4 


30.9 


7.000 


10.89: 


10.46 


10.52 


13.95 


3.43 



Units of line intensity are always ergs cm ^ s ' . 

Table 2. Values of Cbd derived from the Balmer decrement. 



Nebula 


Nebula 


Diam. 


Mass 


Cbd 


Cbd 


Cbd 


Cbd 


Cbd 


Cm 


Cm 


PNG 


Name 


n 


lO-^Mo 


(A)t 


(B)+ 


(C)t 


(D)+ 


(E)+ 


(F)+ 


average 


000.0-6.8 


He2-367 


1.5 


3.4 


0.95 


0.79 








0.64 


0.85 


000.7+3.2 


He2-250 


5.6 


22. 


2.19 




2.11 




2.34 




2.20 


000.7+4.7 


H2-11 


1.5 


4.8 


3.38 


2.90 










3.14 


001.2+2.1 


He2-262 


2.32 


9.5 


2.72 


2.40 










2.68 


001.4+5.3 


Hl-15 


4.4 


17. 


1.27 




1.45 








1.43 


002.4-3.7 


Ml-38 


3.5 


16. 


1.25 






1.08 


1.17 


0.85 


1.10 


002.6-3.4 


Ml-37 


4.33 


22. 


1.22 




1.15 




1.23 


1.14 


1.15 


002.8+1.7 


H2-20 


3.89 


17. 


3.15 








2.99 




3.11 


006.0-3.6 


M2-31 


4.0 


32. 


1.36 




1.41 


1.37 


1.42 




1.38 


008.2+6.8 


He2-260 


1.93 


6.1 


0.99 


0.69 










0.82 


351.2+5.2 


M2-5 


5.0 


21. 


1.17 








0.98 




1.11 


354.2+4.3 


M2-10 


4.0 


14. 


1.81 






1.32 


1.77 




1.55 


356.5-2.3 


Ml -27 


6.6 


68. 


2.15 




1.90 






2.23 


2.08 


357.1-4.7 


HI -43 


3. 


9.3 


1.21 


0.97 




1.07 






1.10 


358.9+3.2 


HI -20 


4.0 


21. 


2.28 




2.29 




2.58 


2.64 


2.35 


359.3-1.8 


M3-44 


4.0 


30. 


3.30 








3.30 


3.86 


3.42 



t R eferences; (A) Acke r et al. lAcker et ap (Il992h. (B ) Escudero et al.lEscuderq et al.l ( |2004|). (C) Cuisin ier et al. lCuisinier et al.l (I20q0h. W &ne. & 
Liu lWang&Lii] d2007h . (D) Gomv et al. lGomv et al.l(f2009l)lGornv et alj ( l2010h . (E) Ratas lRatag jl990h . (F) Exter et al. lExter et al T il2004h 
* C is the extinction used by the author 



2.4. The 6 cm radio emission and Crad 

Since the flux of the mid-infrared hydrogen lin es were not yet 
known at the time of the work of Stasinska et al. lStasinska et alJ 
(fT99l . these authors used the PNe radio continuum flux den- 
sity to determine the intrinsic HjS flux. As discussed earlier, in 
order to compute this intrinsic flux, one must know the elec- 
tron temperature as well as the amount of He^ and He+^, 
which are also responsible for the continuous radio emission. 
Furthermore the nebula must be optically thin to the radio radia- 
tion. The electron temperature (taken from an as yet unpublished 
study of Pottasch & Bernard-Salas) is listed in Table 1 as well 
as well as the ionized helium abundances in the cols. 2 and 3 of 
Table 3. The 6 cm flux density is listed in col. 4 of Table 4; it has 
been measured mainly by Gathier et al.Gathier et al.l(ll983l) . and 
also by Zijlstra et al.^ijlstra et al. (1989), Pottasch et al. ? and 
Aaquist & Kwok lAaquist & KwolJ fl99Cl) . The only nebula with 
an uncertain radio flux density is H2-20 which was only mea- 



sured at 3 cm by Purton et al. lPurton et al.l (Il982h . It has a large 
er ror. The 6 cm flux density of this PN is discussed by Cahn et 
al. lCahn et al.l (Il992h . whose (uncertain) value is listed in Table 
3. He2-367 is not on the list since no measurements of its radio 
continuum flus density have been made. 

The resultant HjS flux is listed in col. 6 of Table 3 and the re- 
sultant HjS extinction, Crad in col. 7. These values of extinction 
have been plotted against the Balmer decrement extinction Cbd 
as Fig. 2. Comparing this figure with Fig.l shows that the points 
are on average somewhat to the right of the line of equal extinc- 
tions, i.e. the extinction derived from the radio flux density is 
somewhat lower than that indicated by the Balmer decrement. It 
is unlikely that this can be due to the use of an incorrect value 
of Ry because it has already been established in the previous 
section that Rv must be close to a value of 3.1. The problem 
must lie in the value of the 6 cm radio flux density. While it is 
possible that these measurements are incorrect, this is not likely 
because the errors would all have to be in the direction as to 
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Table 3. Values of Crad derived from the 6 cm radio continuum. 



Nebula 


He+/H 


He++/H 






-logne 


Crad 


PNG 






mjy 


mJy 






000.7+3.2 


0.12 


0.032 


15. 


15.6 


11.31 


2.11 


000.7+4.7 


0.178 





27.7 


11.5 


11.00 


2.94 


001.2+2.1 


0.11 


0.001 


26. 


24.1 


11.07 


2.66 


001.4+5.3 


0.103 





13. 


13.6 


11.34 


1.37 


002.4-3.7 


0.0125 





24. 


14.9 


10.97 


1.04 


002.6-3.4 


0.0085 





15. 


10.9 


11.19 


0.88 


002.8+1.7 


0.075 





16.3 


13.1 


11.21 


2.27 


006.0-3.6 


0.12 





51. 


41.2 


10.78 


1.41 


008.2+6.8 


0.009 





13. 


8.1 


11.39 


0.74 


351.2+5.2 


0.076 





12. 


14.1 


11.30 


0.82 


354.2+4.3 


0.135 





9.1 


11.6 


11.45 


1.17 


356.5-2.3 


0.020 





63. 


65.4 


10.64 


1.59 


357.1-4.7 


0.020 





6.3 


4.4 


11.56 


0.96 


358.9+3.2 


0.126 





32. 


27.3 


10.99 


2.04 


359.3-1.8 


0.1 





35. 


25.3 


10.88 


3.02 



Helium ionic abundances are from Pottasch & Bemard-Salas (in prep.). 

make the flux smaller than the actual value. It is more likely that 
the assumption that the nebulae are optically thin is not entirely 
correct because some absorption would make the fluxes of all 
PNe smaller The following evidence supports this assumption. 
When the nebula is optically thin up to a wavelength of 21cm, 
the 21cm continuum flux density will be approximately a fac- 
tor of 1 . 14 higher than the 6cm flux density. To check this, col. 5 
of Table 3 lists the 21cm flux density of the se PNe, taken from 
the VL A measurements of Condon & Kaplan lCondon & Kaplan! 
([T998h . As can be seen, in only 5 of the 15 nebulae is the radio 
emission higher at 21cm than at 6 cm. Thus optical depth effects 
are playing a role in this radio spectrum. Not enough information 
is available to quantify this effect for the individual nebulae, be- 
cause very little is known about the distribution of matter in these 
PNe. The effect will always work in the direction of decreasing 
the predicted H/? intensity and thus increasing Crad- This can be 
settled by obtaining radio measurements at a higher frequency. 

In Fig.2 t he Ga lactic bulge PNe used by Ruffle et 
al. lRuffle et al.l (|2004|) have also been plotted (open circles). 
Unfortunately less information is known for these nebulae (the 
electron temperature and the helium ionic abundances are un- 
known) and the only information about the Balmer decrement is 
that in the catalog of Acker et al. Acker et al. (1992), so that the 
average values used by Ruffle et al. lRuffle et al.l (120041) were used 
and the extinction was obtained from the Balmer decrement as 
in Sect.2.2. There is thus a somewhat greater uncertainty in these 
values. However, as can be seen from the figure there is no dif- 
fe rence between the r esults from our PNe and those of Ruffle et 
al. lRuffle et all (12004 . 

3. Conclusions 

The HyS flux has been derived from the mid-infrared hydrogen 
lines observed by the Spitzer Space Telescope for 16 plane- 
tary nebulae in the Galactic bulge. These transitions, H(7-6) at 
12.37jum and H(6-5) at 7.45//m, being relatively unaffected by 
galactic extinction, make it possible to obtain the total extinction 
at Hj6. We emphasize that this is the most reliable method of ob- 
taining the extinction and therefore C,> is more reliable than Crad- 
By combining C,> with the selective extinction obtained from 
measurements of the Balmer decrement for these same PNe, the 
value of the total-to-selective extinction, Ry, can be approxi- 
mately determined. The value found is consistent with Rv=3.1 



■ This paper 
o Ruffle et 01. 





0.5 1.0 1.5 2.0 2.5 3.0 

C(bd) 



3.5 



Fig. 2. Total extinction coefflcient at H/3 derived from the 6cm 
radio continuum flux density, C^d, is plotted as a function of the 
selective extinction coefficient at H/3 derived from the Balmer 
decrement, Chd- The dashed line shows when these two quan- 
tities are equal. In addition to the PNe discusse d in this paper, 
those discussed by Ruffle et al. lRuffle et al.l (12004.) are also plot- 
ted to demonstrate that these PNe lead to the same result. 



which is the value of total-to-selective extinction ususally found 
in the interstellar material closer to the Sun. 

This result is at odds with that of S tasinska et 
al.lStasinska et all (1 19921) and of Ruffle et al. lRuffle et aP 
(120041) . These authors obtained the total extinction by using 
the 6 cm radio continuum to determine the extinction-corrected 
HyS flux. We discuss the reasons for this difference, which most 
likely is largly due to the assumption that the PNe are entirely 
optically thin at this 6 cm radio frequency. 
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